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Performances of micro-surfacing with waterborne
epoxy resin modified emulsified asphalt
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(1. School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture,
Beijing 100044, China; 2. Beijing Advanced Innovation Center for Future Urban Design, Beijing
University of Civil Engineering and Architecture, Beijing 100044, China; 3. CHECC Highway
Maintenance and Test Technology Co. , Ltd. , Beijing 100089, China)

Abstract: In order to evaluate the performances of micro-surfacing with waterborne epoxy resin
modified emulsified asphalt, waterborne epoxy resin modified emulsified asphalt was prepared by
the method of emulsification first and then modification. The optimum oil-water ratio, emulsifier
content and waterborne epoxy resin content were determined through orthogonal test with three
factors and three levels. The 1 h WTAT (wet track abrasion test) and LWT (load wheel test)
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were conducted on micro-surfacing to measure abrasion values and adhesion sand contents of five
groups of different asphalt-aggregate ratios, and the optimum asphalt-aggregate ratio of micro-
surfacing was determined by the intersection point which was from curves of abrasion values or
adhesion sand contents and the asphalt-aggregate ratios. The 6 h WTAT, the pendulum value
test and the seepage test were conducted on micro-surfacing to evaluate the resistance to water
damage. skid resistance performance and waterproofness, respectively. Micro-surfacing of water-
borne epoxy resin modified emulsified asphalt could be used to fill rutting by the test of wheel
rutting deformation, and the rutting resistance of the micro-surfacing was evaluated by the
rutting resistance test and overlay rutting test. The results show that the optimum oil-water
ratio, emulsifier content and waterborne epoxy resin content of waterborne epoxy resin modified
emulsified asphalt are 65 : 35, 1.4 % and 4 % (mass fraction, the same below), respectively,
and the optimum asphalt aggregate ratio of micro-surfacing is very close to 6. 7%. Performance of
resistance to water damage of micro-surfacing meets the technical requirements that the abrasion
values are not more than 800 g/m?”, and the skid resistance performance of micro-surfacing also
meets the current technical requirements that the pendulum number is no less than 70 BPN. And
it is higher than the technical requirements, which can provide better friction for the traffic. The
seepage coefficient of micro-surfacing is zero after rolling, which indicates that waterproof effect
is good. Furthermore, the width deformation ratio and rutting depth ratio of micro-surfacing is
very small, which can be used for filling the early compaction rutting (can not be used for filling
the structural rutting). Micro-surfacing after overlay can significantly improve the high
temperature deformation resistance of road and efficiently restore roughness of road. 16 tabs,
4 figs, 24 refs.

Key words: road engineering; waterborne epoxy resin; modified emulsified asphalt; micro-surfa-

cing; performance

1A 47 2 SR AL 7T LA s sl B g

2017 4

Zhao %5 %

T

51

B 2 s ph O R TSR IR 2T Y
T B B T4 4B TR P B L JE R B TR 1Y 1Bl SR A
PORTGR A G301 o BRFRAE A o BB 1 55 i i 4
ARFBez— T LUA RH s i 1w 9 e PR B 42 5
S A PEE A5 RS /KA i I LA TR T T R PR R A2
/D L REFEAR SF R
S5 R T 00 % B B S BR ) 0 A TR L 0. 304
0.5%6.0. TAHB AL H . R BLO. 300 5% B B 4k
W45 A RE A % 1 T /ML . Son S8k BLKE
FrLE I TR A3 3R G bk LA U 7 ol e A AR 2K
B2 0 5L S AR E B A L i PR B
TR AL VR K 2 ALk JHL U 0 T ) SRS L 7 i RS 2 9
RO R B TR AL 5 1 B TP RE 2 5 T 53. 306 ~
54. 25 IR K B 2 A B PR REAR 1 T 21, 606 ~
59. 7061 . Wu FI I BV R0 58 T AR AL W e AL U
TR JF H A UOR TR 25 6 D0 A 1 2L AR 0 77
P A D SRR AL 0 e (0 7 P A A BRAE R A

Krummenauer

AL AL i AR B UKL BE 0% e AR M 7 AR ek
O P RE T ELER TS RO IR B b
HSEHETE T AR ST G20 S 2T e 48 N S X 3
Ak i R RE 1RSI DA Ry TR0 3 A0 X 8 ey B T JBE 458 A1 3
FMEEE PE R AOR R MRS R IUE S
) SBR 2 L Ak 0 7 I 3R Ak oh 4 ik B2 AR HU AR U %
255 TTRERE J1 22 » Tyt DA LR 9 L IE Bz 26 L T
OCHEE L P N A5 S o R M B T IR £ 4 T
XA AEFEAT 138 I a5 & B L AR
T A X A A TS A S e A R B AL A
XL GEAR AL ARSI T 8 SR DN M R 22 27 4 L e BT
2 (9 TN RE AT 200 35 TR Ak B Rk ) s R P R o A
FITERE™ .

i b [ A AMIF T R A AL sl I B = I T
FEAHR B X HIET5 T B PERE - I HLR A9 e b it
LU Z A G S LA I - TR SE R AL I AR
HAREEAR BEREA L i e 22 S HOR B .
IR INET kS5 SN AT Z R CE T Kk R SR



e

% 5 %

WA ROME ZR AR A Bt SUAL 9 A R AL M R 25

i LB SR AR RORE DR 20 BIORH - LK A 3 0 AH Y 10AH
PRZBHRE AT ATE 2L A 1R T S 3R 35 o [ 4L . fiE
ARSe MO B B0 280BRS i o8 2 o R 45 7 o 9 R o5 AR
THRAL AR, A RO AME GE s v FL AL B 75 4L
AR o A SCE S LUK BR R IR A 2L AL 0 75 24
PR A PRI 2200 B 2 LA 77 P i = 4k K
ARG 243 FL AR 0 77 B AR R RE L O K PR 3R S IR
APEFLARIA T o U UK R AR N ok 7L AR 0 7
AR G bR R LA - E R AL R A
Tk 42 R DR A 1 B A R LA 5 D T Y R 4 T
&R FRAE R A7 i . B - A K PR B SR i i
FUAL I T AR AL A Bl K R BE DT 1 RE LA BT 4 B
RESFHEAT LR VA UG TR ) A P 20 S84 iR
PR FLA I R A S I B

1 E# et

1.1 &#

AR 2 s AR A Boa L b AR
FECA R TRER KK M) JTG E42—2005)"
DA i A TP RE L DS SR L3R 1,58 2, B
1) 25 STV BE 45 B 257 08 2 ol 3R Ak s 5 38 2 HooR 8
I (2006) ) iy AR ER

1 XEEM4RE
Tab.1 Properties of basalt

SR | S | FE AR T2
FWHE /(g em ) | 2.711 | =2.60
S RZHLERES K/ A 8.9 <28

K97 ik
T 0304—2005

T 0317—2005

T 0304—2005 K%/ % 0.5 <2
T 0314—2000 % &/ % 10 <12
T 0616—2008 75 1 5 4% >4 %

F2 HEIRERE

Tab. 2 Properties of mechanism sand

R3 wHEsE

Tab.3 Properties of mineral powder

BTy 2 B H T (AR AED
T 0352—2000 | RMAHIXFHE/(g+ em™2) | 2.763 >2.50
T 0332—2005 oK/ % 0.15 <1
T 0353—2000 K RHL 0. 65 <1
T 0354— 2000 WA VE 5 5L 2.0 <4
ERVIFES AP TG KL 45 e | TC 1A KL 45 e

x4 KRR
Tab.4 Properties of cement
- Pede | AL | AL |0/ | RIBENT | ZCBERT | 2 E

W/ | BE/ | /% | Y |1E/min| /b

S 2.4 | 3.7 | 2.8 | 57| 65 4.8 | &tk

FARFEAEST| <<3.0 | <<5.0| <<3.5 | <<10 | >45 | <6.5 | &k

£S5 SK-90 ifi 5 Bk
Tab.5 Properties of SK-90 asphalt

Wy K H SR | B A bR e
£ A (25 °C,100 g,
T 0604—2011 81 80~100
5s)/0.1 mm
T 0606—2011 L A=V 51.8 =45

JEFEC10 °C,
T 0605—2011 51 =45

5cm e min ') /cm

i, SRS

T 0620—2000 |60 C sl )15 B/ (Pa« )| 218.4 =160

T 0608—1993 AR/ % 0.1 +0.8%
AR (25 C,
i | T 0604—2011 61 =57

100 g,5 s)/ %

¢ B AE S (10 °C
T 0605—2011 8 =6

5cm e min~ ') /cm

S REE
SEREMSE

L4 ZLAH
FLAG T S 2 [ 7 BH R 7 b 2 st AU EL AL )
PERE WL 6.
£6 FLALHHERE

Tab. 6 Properties of emulsifier

Wk B H LA | A 22 W H |6 &/ % | pH{E S0 SS
T 0328—2005 WMBERE/(g» cm™?) | 2,662 >2.5 SEAE =75 8~10 | FAKR €o Zh MR W A4 |0l g v <ok
T 03142000 0B I i / %4 14 =12 1.5 R
T 0334—2005 WY/ % 73 =65

1.2 E#

HURLR B0 By Ak U, bk o B85 40 1) A K
AR KR R R AR R R PO42. 5 K. HRIECA
B TR RHA I ML) (JTG E42 —2005) H1( il
FARERR £ K U8 ) (GB 175 — 2007)1%% ) 35t 38 %) 114 M
AE . M2 SR L3R 3.3k 4.

1.3 ERHE

W R A E SK-90 W5, A4 CA B T
BUWE &DF IR AR AR ) (JTG E20—2011)
M SK-90 7 1945 Ji Pk fg . W3k 5.

S 7R SR P K A B S i L [ AR TR S B
IRPERRE N E51 KRS [ k5], Hpk RE WL 3% 7.
7 ORI ERAE R B B

Tab.7 Properties of waterborne epoxy and curing agent

R 5655 H Kk HR U i &5 551
S EE NSRRI TEN 1R B 35 W IR AR
i 25/ % =58 =50
W/ (g« cm ) 1.05~1.10 1.05~1.10
B/ (Pa-s) <2 <10
pH {H 6~8 8~10
W E 0.24~0.27
IR A Y 300
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Tab.8 Orthogonal experimental scheme and properties of

modified emulsified asphalts

" » KRR
bk | F -
K| ok B A (25 C, FERE(S C,
o ) M | Hs Ak
i | /% | ) 100 g,5 )/ 5cm s min~ )/
W% | B/% m/C
0.1 mm cm
1 |60:40| 4.0 | 1.2 50. 0 54.78 9.7
2 60 : 40 6.0 1.4 48.5 55.47 10. 8
3 60 : 40 8.0 1.6 41.5 56. 87 8.0
4 | 65:35] 4.0 | 1.4 57. 4 57.06 12.3
5 65 : 35 6.0 1.6 53.4 51.41 8.3
6 |65:35| 8.0 | 1.2 42.8 56. 37 6.5
7 |70:30] 4.0 | 1.6 56. 4 52.12 8.9
8 70 : 30 6.0 1.2 50.0 54. 38 7.6
9 | 70:30| 8.0 | 1.4 43.0 53.95 6.8

M 8 W LLE 45 4 19 K P B S B E el
LA T 78 B B 0 140 i P B (A D) B AR it
At CGHE ) ey . BT LABEFR /K EE g 65 ¢ 35, 25l
BN 4. 006 FURI B 1. 4 00 B KPR SR AR
e AL T AT T — BRI .
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x99 MS-TEZE
Tab.9 MS-1[ gradation

i fLFLAR/mm| 9.5 [4.75]2.36|1.18 0.6 [ 0.3 |0.15]0.075
ol pg | 100 | 90 | 70 | 50 | 34 | 25 | 18 | 15

it

| FB | 100 | 70 | 42 | 28 |19 | 12 | 7 5

/

o |4 mkgkie| 100 | 80 | 68 | 39 | 26 | 18 | 13 | 10

(2) fe A FE Y 2

P AL A gl 1 h R R AR I R
(WTAT) LA A 58 2 M0l 46 (LWT) 3L 8] 8 &
Horp 1T h WTAT i J5 FE {5 1] T 8 22 3 A 19 de /s
b LW 4 26 B 45 T 4 B e A 19 4 K
WA, £ 10 FE 1 NELAR 1T h WTAT Kk

LWT {5045 R .
F10 FEMALTHRALE 1 h WIAT f1 LWT iR 4 R
Tab. 10 Results of 1 h WTAT and LWT of micro-surfacing with

different binder-aggregate ratios

A/ % 6.0 | 6.5 | 7.0 | 7.5 | 8.0 [ ARpRMER
BEFEME /(g m 2) 423 | 327 | 300 | 282 | 270 <540
ZEMRb /(g » m™2) | 335 | 362 | 395 | 426 | 453 <450
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400} {450 _
's 's
2 350} {400 2
o ]
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A /%
BTl HewE

Fig. 1 Determination of optimum binder-aggregate

ratios of micro-surfacing
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Tab. 11 6 d WTAT test results of micro-surfacing with

different binder-aggregate ratios

A7 L/ % 6.5 7.0 A p L2

BEAEA /(g » m2) 745 683 <800

2.2.2.2 Yuigtne

Ry T I K B SR i et LA U T R b Y
U PR AR A SCAE = RS I Sl L O R RGO i
% i 6 v B 3 3R AR ) (J TG E60 — 2008) H il 22
%A 7 T AT 1 RE

FE AR K 1 2 SR i et LA U 7 i b i e
TR, R 4 em AC-13+1 em SR AR B 45
. B 30 cm () X 30 em(55) X5 em(5) %
BOR B A T em IR AR L R AC-13 %
BORIE AEENEE 48 h, SR KR AC-13 %8
R 0 R 5B B O R AR O R Y
4 em AC-13 U TR AR G . Fa K
PEIR AR AR B L AL W R AL B HUAE 4 em AC-
13 3 BB 4 cm AC-13+1 cem 0, I
B AE (60 22) "CHEAF 54 16 h DL b B K
FEM G AT PO MR B R 2. F
A SO ol 3 A v JBE 4% TR0 A i A P R ER
A SE 5 R IRIR SR WL 12, R 12 AT LA H

(1) ol 2 Ab o o 422 1 AR 6 — B 3% 1T % 315 T
Ak Rz 6 2 AN /T 70 BPN [ EE5R L 2 Bl A EE R 59 Bk
FAL PR L 5 R AT BRI HoE 1020 ~14 %,
X2 R TR FH K P 2 SR e el LA 7 1 D R
A e 25 ), FL e LI B 2 K o I 78 kL e i R 1w A
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I T X R R B BEE T

(a) 4cmAc.13ﬁ§ﬁ; (b) 4emAC-13+1 emf % 4b R

B2 4 cm AC-13 il 4 em AC-13+1 em fif 4 i3k ¢
Fig.2 4 cm AC-13 and 4 em AC-13+1 cm micro-surfacing
test samples
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Tab. 12 BPN of micro-surfacing with different

binder-aggregate ratios

WA/ Y | W/ °C | 241/BPN | it 2 /BPN| A 4R i) /BPN
6.5 26 80 1.79

=>70

7.0 26 78 1. 26

(2) BEIh AT EG 1 TH i 7K P B 48R AR ok 2L AR
B IR AL WA PR B 2 A A R B A K, il i ik
AT L) ) k2 Ak 3 T - A3 KR L 2R K B SR
JE PR FL AL U 9 e A T T 8% TSR A AT DL AT
FE R AL () BEAEE ) AT AR e ek
2.2.2.3 PBE/KIERE

Fie BRI AR Bt a0 09 J 125 0 4 B K Pk g A
JEHEAT B K R B E AR T B b R, BT
PEAT IR AL . B 7K R AT 35 100 ml/min, X 5 f§
FAEBTARAERAST . B 1 75 A2 7k BDAE 3K
% A B 3 R b R AT AR A T S, AU R Ak
WG BT R S SRR R 5 K. K AR R R
HATB AR B R A i 3 AP il
SR UL T R 13, MR 13 W UG H

(1) YR AL A AT 0 . 1 Bl ME 4 S ) kAT
B 5L R AL B K BRI N7 B K R A K
TR AL FEFE R FE A K K FLAR W R AR
7K 25 5 T BUM R AL F 17K 43 3 2 oK 4y A 78
R R RS R AT T 1026, EE E O,
FEOE KR L. B KRG 5 i TR A FEH
A FEAE T 5 K P B S i ok i 2L Ak 0 7
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Tab. 13  Seepage test results of micro-surfacing with

different binder-aggregate ratios

. BIKARE/ (ml » min™1)
WAL/ %
FRER W & I
6.5 113+2.45 0
7.0 102+1. 36 0

(O FE HBLB K R B K5 R T 4
92, HEAT R AR . R E S R BT A L K6, 500
I 7.0, HB K R BN 0, B K BORBAE
U S BRI R AL il T A v R P BRI o M
I O e 5 A 308 gk 4 A A7 A T R AT B AR AL Y )
SBT3 B S ) 4 S R N 5 K CR:
2.2.2.4 YUHHERE

T AL B R R AR 20 300 O e RO A B T . A
Sl 2 2 PN BT el A AR 2 A 6 R i A AR
50 o 73 BT T AR B 2200 i ROk L AR 0 7 R A
LA RPERE .

(D 2 e 5

e AR e U 3 2R T PR O SR AL T A R RE
I3 FEBARAR N 58 LA R G ROR L R G A
RN BT B RO U R A DT v RE %
S ZIRER o BRI AT B RR AR 3 1P AT IR B
ORI WL 3, 4 R L 14,

B3 R
Fig. 3 Stability and resistance to compaction test samples
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Tab. 14 Width deformation ratios and rutting depth ratios of

micro-surfacing with different binder-aggregate ratios

) TEREARL | AR | EEAEML | EREE
A/ % N
ERE/mm | /% FEHME/mm | /%
6.5 1.84=0. 10 3.7 0.940.08 9.0
7.0 1.944+0.05 3.9 1.2-0.09 12.0
FAR AR 22 5.0 2.0

MFE 14 aT LR 2 Bl A7 b SR Ad 19 58 B2 AR
T2 A A2 Bl TR 2 R 3 B A EE 9 0 I B TR

TEIRFS R Z SR ULl HL 6. 5000 7. 0 0k
Ak R 2 RROVE B R AT T AR U R

(2) F U AMA 55

T 28 N R AUL (2 Ak 2 A U o 0 4 A
M R TR AL R AT BT A RoRE D . T S LB
30 cm(F) X 30 em(F5) X5 em (&) AC-13 E &k
PEIF AT R0 MR 20 5 mm, HK L K2
5 mm BRI EE I AC-13 33 14 3% 1 1 K 3 vk T
BT B Ja B AR B S B ek LAk 0 R Ak
PEATAEIC b R A 60 CHEAEFRA4E 16 h DL |,
It g 2 o il A i e, WL BT 4. f BN AU )
A AT A 405 B O A B R AL A 3 4 T AT
I IR A R W3R 15,

pE

(a) %8R

(b) ZEHOEAMA M

4 TR FEROR AN
Fig.4 Rutting and filling rutting test samples
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Tab. 15 Filling rutting test results of micro-surfacing with

different binder-aggregate ratios

BHC | W% | DB/ | D
(K » mm™ 1)
AC-13 it 4.5 1431.0+74.3
B RS 6.5 1409.0+51.4 =800
MR AL 7.0 1342.0499.6

Hi &l 4 A DUA R A S KR T
FERE Y T SE B T B AT DA R AR AT P R
TR . PRI K PR 0 S B Ok FL AL U R A
FH T S5 A0 PR 2 O AN ] DURT T 1 %5 P 4B LA
PRS2 s PR

MR 15 Al RN i i TR AL B AR E 1
T LA 1 SR AR AR AN S R R Ak i Bl
Fa g BEARRS T AC-13 il o e e X g th T4
SCHE UL ) ARy 6 T LD B B R v R SR
TR AL X I 2 A R AT JECR b I B S 52 T AN BE VDI

(3) . TH] 4 Rl

A 7K 24 48 AR i e 2L 0 T 3 Ak 1 5 T
RO BT ST R AL RS 1 em, BIR
4 cm AC-13+1 ecm R A EEH . B L 7E 30 cm
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(£) X 30 em(FE) X5 em () 22 BOR 4 1 ik A8 v 48
A1 em [ARAR . B AC-13 ZERGR M EE N B
48 h, SRIGH T AC-13 RO MF BB R, &
H PR R AR, ERE B Y 4 em AC-13 ZERO {4
AR T, B S B KM B S i et 2L AR U
MR FTE 4 cm AC-13 i . 4 cm AC-
13+ 1 em flERAL A1 K il 1 HE (60 22) “C LA
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R A RH 3 44T, 45 R W3k 16,
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Tab. 16 Recovering rutting test results of micro-surfacing with

different binder-aggregate ratios

B E L/

(K » mm™ 1)

AR bR/

(K » mm™ D)

e A/ %

AC-13 it 4.5 890.0£57.1
4 em AC-13+ 6.5 1375.0+73.5 =800
1 em fi 4k 7.0 1191.0£58.0

MFE 16 AT HI:4 ecm AC-13-+1 cm KM A B
JIg VAL AR I T R AL 1 Sh AR E BT bR gy AC-13
TR AR 2hAa e B2 3020 LA b 36 B A FH 7K 1 38 41
R I i LA 10 7 TR Ak R T S R L R i T Y
R IERE ) 3X 32 2R BRI AL S5 TE Y
W28 MR A M e — e FE B R T U L 4R T
FEAb 1 R IR R T T 5 AR Tl A B R 6. 50 M I R
Wb A EE R T 0 IR R AL S AR E BE R R T 102
e U B A Ll B 1S 0 23 BTG B T AR AU TR A

R RPUARTERE T .
3 & B

(D =R = KFIE 28 R 50 i 2 17K P
SR i o FL AR T B AR TC LG A K LG SR 65
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